Introduction
Ultrasound (US) is one of the most commonly used imaging techniques in the area of thyroid diagnosis [1, 2] , not only for volumetry but also to identify irregularities like thyroid nodules. A 2D transducer is used as an US probe positioned on the front surface of the neck and free hand moved from the breastbone to the hyoid bone. During the probe movement a stack of parallel axial orientated transverse images are generated. This pseudo-3D-Technique is a basis to reconstruct the spatial shape of the individual thyroid. Since the stored images represent only the x-y-plane of the spatial object the z-axis has to be reconstructed from the probe movement. Unfortunately, the probe movement done by free hand and, hence, its corresponding velocity is not constant during the whole image generation process. Thus, a defined scaling of the z-axis for 3D reconstruction is not available. To solve this issue we developed a computer based method to merge individual layers of CT data with corresponding layers of US data in order to scale the z-axis and to create a spatial model of the thyroid.
Methods
Basics: Using a CT device (Biograph mCT 128, Siemens), axial images from the thyroid area of a patient have been taken (512x512 image resolution, 5mm layer thickness). In parallel, 2D scans either of the left or right thyroid lobe have been generated with an US device (Philips iU22, about 250 scans, 800x600 image resolution, 1mm layer thickness). The software programs required for data processing and reconstruction have been coded in C++ using the ITK and VTK-Frameworks for Windows R -PC. CT preprocessing: The CT image data of the thyroid area have been subjected to data smoothing with Median-and Gauss filtering. Prior to binarization with a global threshold filter, additional edge-preserving smoothing has been performed with a Curvature Flow Image Filter. After threshold filtering, the binarized image data have been segmented by seed based region growing and subsequently reconstructed in 3D with the well-known Marching Cube technique [3] . Sonography preprocessing: Contrary to the CT data, the ultrasound images were already segmented to the left or right thyroid area. One major disadvantage of ultrasound images is the high noise component, which was reduced by image data smoothing [4] . Empirically, it has been shown that a Curvature Flow Image Filter combined with a Gradient anisotropic diffusion filter yields the best results [5] . Subsequently, the images were binarized with a threshold filtering technique and segmented using the region growing method. Again, 3D reconstruction was carried out with the Marching Cube method using the following z-axis scaling technique. Scaling of z-Axis: CT and US image data were uniformly z-scaled according to their file number. Any available CT image was allocated to the one sonogram image that delivers best possible concordance. From the k-th CT image the corresponding US image n(k) was detected by conventional cross correlation techniques, where n(k) is the file number of the identified US scan and served as z reference plane. This procedure was performed for the total number N of generated CT images (k = 1,...,N). In a further step, we detected the quantity of US scans generated between the reference plane k and k+1 and arranged the images linearly between these reference planes. Only in cases where the probe velocity was constant during the whole image generation procedure, the number of US images between any two adjacent reference planes was equal, otherwise it differs (cf. Fig. 1) . A final scaling was performed using the distance of the upper (k=N) and the lower (k=1) CT image plane. 
Results
As an example, Fig. 2 demonstrates the concordance of corresponding thyroid CT and US images (N=10) correlated as described above. Figure 2a shows a CT layer, which is better depicted slightly magnified in Figure  2b . The thyroid with nodule is clearly recognizable. The bottom section is delimited by the trachea. Besides surface data of the thyroid, surface data of the trachea and vasculature was used for the 2D cross correlation. This way, each of the 10 CT layers could be exactly matched to a sonogram (restricted to the left or right thyroid half, cf. Fig. 2c) , and a defined scaling of the z-axis could be gained from the CT data. A 3D reconstruction of the allocated sonogram data is displayed in Figure 3b . Compared to the 3D reconstruction of CT data (Fig. 3a) , there is no significant improvement with regards to the z-axis.
However, after linear magnification by interpolation of sonogram layers, an improved 3D reconstruction could be compiled. Figure 3c) shows the 3D reconstruction based on 60 sonogram layers after applying the developed z-scaling method. 
Discussion
Conventional ultrasound has become routine in thyroid diagnostics. However, the 2D image data provided by ultrasound does not contain information on distance between the layers, which varies from one examiner to another. With this method, it could be shown that from 2D sonogram data a thyroid half could be reconstructed in 3D with the help of CT image data. The sonogram data was generated under routine conditions. During the examination, the beam angle was kept steady to the greatest possible extend, so that artifacts caused from diverging beam angles could be eliminated. The allocation of image data from both techniques with the described method of correlation has proven to be sufficient. This way, the anatomic relation between CT and sonogram data could be ensured and z-axis orientation of the sonogram data could be obtained. It could be shown that the 3D reconstruction of the left thyroid lobe from directly allocated sonogram data yielded a similar result compared to the CT reconstruction. After applying the z-scaling technique the left thyroid half could be reconstructed in 3D at a significantly higher resolution.
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